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INTRODUCTION
Secondary hyperparathyroidism is common in patients 
with chronic kidney disease (CKD). Homeostatic mech-
anisms for deranged mineral metabolism start to fail 
at a glomerular filtration rate of 60 mL/min [1]. In fact, 
abnormalities in bone mineral metabolism are nearly 
uniform in stage 4 CKD patients [1]. The worldwide 
population is aging and we are accepting older patients 
with significant comorbidities for dialysis. The criteria 
for selecting patients for long-term renal replacement 
therapy have also been expanded. As a result, there is 
an increasing number of patients requiring treatment 
for hyperparathyroidism since mineral bone disease is 
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inevitable in stage 5 CKD patients. In addition, the impor-
tance and implications of calcium and phosphate dys-
regulation and hyperparathyroidism are not limited to the 
skeleton. Extraskeletal manifestations with fatal out-
comes such as cardiovascular events are linked to bone 
mineral abnormalities [2–4]. In 2005, the organization 
Kidney Disease: Improving Global Outcomes (KIDGO) 
redefined renal osteodystrophy as CKD–mineral and bone 
disorder (CKD-MBD), and the importance of bone 
mineral dysregulation was emphasized [5]. As a result, 
measures to control mineral metabolism and hyperpara-
thyroidism are needed to reduce the cardiovascular burden 
of the already-at-risk CKD population. Although there are 
newer forms of medical treatment such as selective vi-
tamin D analogs and calcimimetics, parathyroidectomy 
(PTx) remains the time-honored treatment modality when 
medical treatment fails [1,6]. What constitutes the optimal 
form of PTx, total or subtotal, with or without autoimplan-
tation, remains undetermined for secondary hyperpara-
thyroidism. In this retrospective review study, we report 
our 25 years of experience in the management of renal 
bone disease.
METHODS
The Renal Unit of Princess Margaret Hospital is a ter-
tiary referral center in Hong Kong. We conducted a 
retrospective review of all stage 5 CKD patients with bone 
biopsies done between 1982 and 2007. Data on baseline 
characteristics, biochemistry, bone histology, operative 
records and imaging findings were retrieved. Bone bi-
opsy was usually indicated for uncontrolled calcium and 
phosphate levels and severe symptoms such as bone pain. 
We biopsied the iliac crest bone with double tetracycline 
labeling. Medical therapy was the first-line treatment 
for secondary hyperparathyroidism with control of 
serum calcium and phosphate levels. Only calcium- and 
aluminium-containing phosphate binders were available. 
Failed medical treatment and progressive extraskeletal 
calcification were the two main indications for PTx. 
Preoperative imaging was either by computed tomog-
raphy (CT) scan of the neck, Tc 99m-sestamibi (MIBI) 
scintigraphy or both. When total PTx was performed, 
excised glands were sent for histological confirmation. 
Autoimplantation of parathyroid tissue was performed 
for patients who were potential candidates for kidney 
transplantation while no autoimplantation was done for 
patients with a low chance for kidney transplantation 
(due either to advanced age or the presence of significant 
comorbidities). The cut-off value for the definition of 
biochemical recurrence of hyperparathyroidism was ar-
bitrarily taken as an intact parathyroid hormone (iPTH) 
level that was 10 times the upper limit of normal.
RESULTS
Between 1982 and 2007, a total of 192 patients on 
chronic dialysis had bone biopsies at the Renal Unit of 
Princess Margaret Hospital. Mean age was 50.95 ± 11.63 
years (Table 1). Peritoneal dialysis was the mode of 
Table 1. Demographic data of patients with bone biopsies from 1982 to 2007*
 All patients Group A (1982–1994) Group B (1995–2007)
Number  192 58 134
Age (yr) 50.95 ± 11.63 47.36 ± 11.73 52.58 ± 1.25
Male:Female 79:113 22:36 57:77
Prevalence of DM  2/25 (8) 17/122 (14)
Duration on dialysis (yr)  6.2 ± 3.89 6.97 ± 5.62
Mode of dialysis   
 HD 69 (36) 32 (56) 37 (28)
 PD 123 (64) 26 (44) 97 (72)
Bone histology    
 Hyperparathyroid bone 167 (86) 40 (69) 126 (94)
 Mixed osteodystrophy 15 (8) 10 (17) 5 (4)
 Adynamic bone 4 (2) 1 (2) 3 (2)
 Osteomalacia 7 (4) 7 (12) 0 (0)
Symptoms (n = 190) (n = 57) (n = 133)
 Bone pain 56 (29) 18 (32) 38 (29)
 Joint pain 24 (13) 8 (15) 16 (12)
 Fracture 10 (5) 5 (8.8) 5 (3.6)
 Muscle weakness 6 (3) 3 (5) 3 (2)
Aluminium hydroxide dosage (g)  3,369 ± 2,612 2,269 ± 2,698
*Data presented as n or mean ± standard deviation or n (%). DM = diabetes mellitus; HD = hemodialysis; PD = peritoneal dialysis.
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Table 2. Correlations between bone histology, aluminium staining 
and total doses of aluminium hydroxide in 12 patients
Histology Aluminium  Aluminium
 stain (%) hydroxide (g)
Hyperparathyroid bone 20 4,464
Hyperparathyroid bone 30 1,168
Hyperparathyroid bone 5–10 432
Hyperparathyroid bone 40 1,296
Hyperparathyroid bone 30 Not available
Hyperparathyroid bone 20–30 3,240
Hyperparathyroid bone < 5 2,790
Hyperparathyroid bone 5–10 1,548
Mixed osteodystrophy 20 3,672
Osteomalacia 50 4,380
Osteomalacia > 50 2,628
Adynamic bone > 70 5,706
dialysis in 64% of patients. Hyperparathyroid bone 
disease predominated (167/192). Patients were divided 
into two groups according to the time of bone biopsy: 
group A from 1982 to 1994 and group B from 1995 to 
2007. There were more patients in group B (134/192) 
than in group A. Patients in group B were older and a 
greater proportion of them were diabetic. The predomi-
nant use of peritoneal dialysis was more obvious in 
group B (72% in group B vs. 44% in group A). In group A, 
hyperparathyroid bone disease, mixed osteodystrophy, 
adynamic bone disease (ABD) and osteomalacia were 
found in 69%, 17%, 2% and 12%, respectively. In group 
B, hyperparathyroid bone disease occurred in 94%, 
mixed osteodystrophy and ABD were present in 4% and 
2%, respectively, and osteomalacia was not observed.
Bone pain was the most frequently reported symp-
tom (Table 1). The total doses of aluminium hydroxide 
used before bone biopsy were 3,369 ± 2,612 g in group A 
and 2,269 ± 2,698 g in group B (Table 1). Thirty-four 
biopsies were positive for aluminium staining: hyperpara-
thyroid bone, 25/34; mixed osteodystrophy, 6/34; osteo-
malacia, 2/34; and adynamic bone, 1/34. Twelve biopsies 
were available for more detailed analysis (Table 2). In 
these 12 cases, various percentages of aluminium stain-
ing were found in different histological types of renal 
osteodystrophy. In particular, osteomalacia and ABD were 
associated with very high levels of aluminium staining.
Seventy-four patients underwent PTx; their mean 
age was 52.46 ± 10.01 years. The characteristics of these 
patients are summarized in Table 3. Neck CT was per-
formed in 55 patients. One single enlarged parathyroid 
gland was seen in 22 (40.0%) patients. Two, three and 
four glands were identified in 15 (27.3%), 2 (3.6%) and 
11 (20.0%) patients, respectively. No enlarged gland 
was seen in five (9.1%) patients. In 23 patients, MIBI 
scintigraphy demonstrated 0, 1, 2, 3 and 4 glands in 2, 
3, 6, 9 and 3 patients respectively.
Four parathyroid glands were identified and removed 
in the majority (43/74) of patients. Fourteen patients 
had three glands removed, two had two glands removed, 
and one had five glands removed. Information on the 
surgical details was incomplete in 14 patients.
Mean preoperative iPTH level was 213 ± 282 pmol/L 
(normal range, 1.3–6.8 pmol/L) (Figure 1). After PTx, 
iPTH levels fell rapidly and remained within 2–5 times 
the upper limit of normal. Serum calcium levels were 
stable at normal levels while serum phosphate levels 
showed remarkable improvement after PTx (Figure 2). 
Calcium × phosphate (Ca × P) product was elevated at 
6.06 mmol2/L2 preoperatively (Figure 3). Postopera-
tively, it was maintained at 3.8–4.58 mmol2/L2 for up to 
5 years of follow-up.
Operative details were available for 68 patients 
(Table 4). Thirty-six of them had autoimplantation to the 
thighs whereas the remaining 32 patients had no auto-
implantation. The baseline characteristics of the two 
groups were similar, except that the no autoimplantation 
group was older. The postoperative iPTH levels and 
serum calcium levels also tended to be lower in the no 
Table 3. Demographic data of the 74 patients who underwent 
parathyroidectomy*
Age (yr) 52.46 ± 10.01
Male:Female 29:45
Primary disease
 Glomerulonephritis 17 (23)
 Polycystic kidney 5 (7)
 SLE 4 (5)
 DM 2 (3)
 Others 6 (8)
 Unknown 40 (54)
HD:PD  31:43
Duration on dialysis (yr) 8.24 ± 6.50
Number of glands on CT (n = 55)
 0 5 (9)
 1 22 (40)
 2 15 (27)
 3 2 (4)
 4 11 (20)
Number of glands on MIBI (n = 23)
 0 2 (9)
 1 3 (13)
 2 6 (26)
 3 9 (39)
 4 3 (13)
Number of glands removed (n = 60)
 2 2 (3)
 3 14 (23)
 4 43 (72)
 5 1 (2)
*Data presented as mean ± standard deviation or n or n (%). 
SLE = systemic lupus erythematosus; DM = diabetes mellitus; 
HD = hemodialysis; PD = peritoneal dialysis; CT = computed 
tomography; MIBI = Tc 99m-sestamibi scintigraphy.
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Figure 1. Serum intact parathyroid hormone (iPTH) levels after 
parathyroidectomy.
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Figure 2. Calcium and phosphate levels after parathyroidectomy.
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Figure 3. Calcium × phosphate (Ca × P) product after parathyroid-
ectomy.
autoimplantation group, whereas serum phosphate 
levels were similar in both groups (Figures 4–6).
Eleven (14.86%) of the 74 patients who underwent 
PTx had biochemical recurrences (Figure 7). Six (6/36, 
16.67%) occurred in the autoimplantation group and five 
(5/32, 15.63%) was in the no autoimplantation group. 
Table 4. Demographic data of patients who underwent parathyroid-
ectomy with autoimplantation versus parathyroidectomy without 
autoimplantation*
 Autoimplantation No autoimplantation 
 (n = 36) (n = 32)
Age (yr) 48.78 ± 7.93 57.34 ± 10.35
Male:Female 15:21 11:21
Primary disease  
 Glomerulonephritis  9  8
 Polycystic kidney  2  3
 SLE  1  2
 DM  0  2
 Others  2  1
 Unknown 22 15
HD:PD  16:20 12:20
Duration on 8.61 ± 8.45 7.67 ± 3.82
 dialysis (yr)
*Data presented as mean ± standard deviation or n. SLE = systemic 
lupus erythematosus; DM = diabetes mellitus; HD = hemodialysis; 
PD = peritoneal dialysis.
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Figure 4. Serum intact parathyroid hormone (iPTH) levels after 
parathyroidectomy with and without autoimplantation.
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Figure 5. Serum calcium levels after parathyroidectomy with and 
without autoimplantation.
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Figure 6. Serum phosphate levels after parathyroidectomy with and 
without autoimplantation.
of a century, the pattern of bone disease had changed. 
Although hyperparathyroid bone disease remained the 
predominant type of bone disease with an increasing 
prevalence, osteomalacia practically disappeared in the 
latter half of our review period. This was most likely due 
to the reduced exposure to aluminium intake, as evidenced 
by the lower total dose of aluminium hydroxide given to 
patients in the latter half of our study period (Table 1). 
Moreover, an improved water treatment system for hemo-
dialysis may also have contributed to this phenomenon.
In recent years, there has been an increasing incidence 
of ABD worldwide [7]. This is due to various factors, 
such as more elderly patients, more diabetics on dialy-
sis, and relative hypoparathyroidism due to overzealous 
suppression of PTH by active vitamin D therapy. How-
ever, in our study, the percentage of ABD was low (2%) 
in the early (1982–1994) and later (1995–2007) study 
periods. This is most likely due to the fact that most pa-
tients with non-aluminium-related ABD were relatively 
asymptomatic and bone biopsy was not required.
In the Dialysis Outcomes and Practice Patterns Study 
(DOPPS), only 5% of patients on standard therapy 
achieved National Kidney Foundation Kidney Disease 
Outcomes Quality Initiative (KDOQI) targets for calcium, 
phosphate, Ca × P product and iPTH [8]. An important 
complication of uncontrolled bone mineral metabolism 
is accelerated vascular calcification with excessive car-
diovascular morbidity and mortality [2–4,9,10]. Medical 
therapy using active vitamin D and calcium-containing 
phosphate binders can lead to hypercalcemia and hyper-
phosphatemia. Selective vitamin D analogs, calcimimetics 
and non-calcium phosphate binders are expensive and thus 
are not readily available. Long-term results of using these 
new forms of treatment are awaited. On the other hand, 
PTx has been a standard treatment for secondary hyper-
parathyroidism for decades and its beneficial effects have 
been reported extensively. PTx reduces pulmonary, car-
diovascular and soft tissue calcification [11–13]. More 
importantly, long-term survival benefit has been re-
ported in registry data [14,15]. Other beneficial effects 
of PTx include reduced fracture risks, amelioration of 
anemia, reduction in left ventricular hypertrophy, and 
The mean time to recurrence was 1.5 years and 2.8 years 
in the autoimplantation and no autoimplantation groups, 
respectively. In the autoimplantation group, three patients 
had ectopic parathyroid tissues and one of them also had 
recurrent hyperplasia of the implanted tissue. Two pa-
tients had hyperactivity demonstrated in the implanted 
tissues. The recurrence in the last patient was due to in-
complete surgical removal. In the no autoimplantation 
group, three of the five recurrences were suspected to be 
due to incomplete surgical removal as only three glands 
had been removed in the three patients. Of the remaining 
two patients, one died half a year after PTx before any 
detailed investigation could be done. The other patient 
had iPTH levels just exceeding the criteria for recurrence 
and repeated MIBI scintigraphy showed one active spot in 
the neck region. This may have represented incomplete 
surgical removal or the presence of a fifth gland.
No fracture was reported in any of the patients after 
PTx.
DISCUSSION
In this retrospective study, we have reported our experience 
of renal bone disease from 1982 to 2007. Over this quarter 
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Figure 7. Causes of biochemical recurrence after parathyroidectomy.
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improvements in cognition and quality of life [13,16–19]. 
In fact, Foley et al reported a fall followed by a rise in PTx 
rates in he modialysis patients from 1992 to 2002 in the 
USA [14]. This may reflect the renewed recognition of the 
need for PTx in the control of secondary hyperthyroidism.
In this study, calcium, phosphate and iPTH levels 
were satisfactorily controlled for up to 5 years after PTx. 
The KDOQI guidelines for bone mineral metabolism 
are difficult to achieve without PTx [20]. The use of 
active vitamin D and calcium-containing binders would 
aggravate the already deranged mineral metabolism, 
especially in the face of severe hyperparathyroidism. 
Newer therapies (e.g. calcimimetics) may be able to 
suppress iPTH with fewer perturbations in calcium and 
phosphate metabolism [21,22]. However, long-term 
results are lacking. The optimal iPTH level for end-stage 
renal failure (ESRF) patients has not been determined. 
Most authorities would suggest a higher-than-normal 
level for optimal bone health in stage 5 CKD patients 
[20,23]. KDOQI proposes to target iPTH levels of 
16.5–33.0 pmol/L for stage 5 CKD [20]. The Caring for 
Australasians with Renal Impairment (CARI) guidelines 
suggest targeting iPTH levels of 1–3 times the upper 
limit of normal [23]. Our patients had postoperative 
mean iPTH levels maintained at 2–5 times the upper 
limit of normal for up to 5 years of follow-up. This is 
in agreement with the KDOQI guidelines. Similar favor-
able changes were observed for serum calcium and 
phosphate levels (Figure 2).
A high rate of recurrence of hyperparathyroidism is 
the major drawback of subtotal PTx or PTx with auto-
implantation [24]. The main cause of recurrence is the 
presence of residual or aberrant parathyroid tissue that 
is constantly stimulated by the uremic milieu. Another 
probable reason for high rates of recurrence is the implan-
tation of parathyroid tissue with nodular hyperplasia. 
Cells in nodular hyperplasia have a significantly lower 
density of vitamin D receptors and calcium-sensing 
receptors compared to cells in normal parathyroid tissue 
[25,26]. Tominaga et al showed that nodular hyperplasia 
was very common in hemodialysis patients with advanced 
hyperparathyroidism who underwent PTx [27]. PTx 
without autoimplantation does not have the issue of au-
tograft recurrence. In our cohort of patients who under-
went PTx with no autoimplantation, three of the five 
recurrences were probably related to incomplete surgical 
removal as only three glands had been removed. In fact, 
these were subtotal PTx. With meticulous surgical tech-
nique and intraoperative iPTH monitoring, true total PTx 
without autoimplantation may result in less recurrence 
[28]. Another point of note was the longer time to recur-
rence in the no autoimplantation group. For ESRF patients 
who are deemed to have a low chance for renal trans-
plantation, longer time to recurrence means less time with 
hyperparathyroidism. This is very significant for patients 
with limited life expectancy. There is concern of low levels 
of iPTH in the no autoimplantation group. However, 
iPTH activity was still detected in total PTx without 
autoimplantation. There may be a fifth gland or residual 
activity due to the presence of isolated parathyroid cell 
nests anywhere along the embryonic descent from the 
third and fourth brachial pouches.
In our study, iPTH levels tended to be lower in the no 
autoimplantation group. In fact, low turnover bone disease 
is the major concern of PTx without autoimplantation. 
Low serum iPTH levels may be associated with higher 
fracture risk and early mortality [29,30]. In one cross-
sectional study of 187 male hemodialysis patients, Atsumi 
et al found that patients with serum iPTH levels in the 
lowest tertile had a greater risk for vertebral fracture 
[29]. Coco and Rush performed a retrospective study 
of 1,271 patients [30]. They reported that patients with 
lower serum PTH levels were more likely to sustain a 
hip fracture and to die earlier. de Francisco et al, on the 
other hand, did not find an excess of fracture in patients 
with post-PTx low bone turnover disease [31]. The dif-
ference may be explained by the fact that adverse out-
comes of ABD before the 1990s were mostly associated 
with aluminium toxicity, whereas ABD in recent years 
has been non-aluminium-related and might be more 
benign [32]. There is still no consensus on whether or 
not non-aluminium-related ABD is harmful. In this 
study, no fracture was reported after PTx.
Renal bone disease is prevalent despite successful 
kidney transplantation and apparent normalization of 
biochemical parameters [33–35]. In particular, ABD has 
been reported to be a common form of bone disease after 
kidney transplantation. The implications of this are still 
being debated. However, it may be advisable to abstain 
from PTx without autoimplantation in patients who are 
on the waiting list for transplantation so as not to induce 
an excessively low parathyroid state post-transplant.
CONCLUSION
The epidemiology of bone disease in stage 5 CKD 
patients has changed in the last quarter of a century. Hy-
perparathyroid bone disease continues to be the pre-
dominant form of renal bone disease. On the other hand, 
aluminium-related osteomalacia has disappeared while 
non-aluminium-related ABD is the only low-turnover 
bone disease we see nowadays.
Medical treatment for secondary hyperparathyroid-
ism cannot always achieve the targets for bone mineral 
metabolism. PTx, on the other hand, has stood the test of 
time. In this study, PTx, with or without autoimplantation, 
produced satisfactory results up to a mean follow-up of 
5 years. Ca × P product was maintained within the rec-
ommended range. iPTH levels were kept at 2–5 times 
of normal, which were conducive to bone health in 
ESRF patients. No fracture was reported after PTx.
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We recommend total PTx without autoimplantation, 
especially in candidates who are not on the waiting list 
for transplantation.
REFERENCES
1. Moe SM, Sprague SM. Mineral bone disorders in chronic kidney 
disease. In: Brenner BM, ed. Brenner and Rector’s The Kidney, 
8th edition. Philadelphia: Saunders, 2007:1784–813.
2. Goodman WG, Goldin J, Kuizon BD, Yoon C, Gales B, Sider D, 
et al. Coronary-artery calcification in young adults with end-stage 
renal disease who are undergoing dialysis. N Engl J Med 2000;342:
1478–83.
3. McCullough PA, Sandberg KR, Dumler F, Yanez JE. Determinants 
of coronary vascular calcification in patients with chronic kidney 
disease and end-stage renal disease: a systematic review. J Nephrol 
2004;17:205–15.
4. Block GA, Raggi P, Bellasi A, Kooienga L, Spiegel DM. Mortality 
effect of coronary calcification and phosphate binder choice in 
hemodialysis patients. Kidney Int 2007;71:438–41.
5. Moe S, Drüeke T, Cunningham J, Goodman W, Martin K, Olgaard K, 
et al. Definition, evaluation, and classification of renal osteodystro-
phy: a position statement from KDIGO. Kidney Int 2006;69:1945–53.
6. Evenepoel P. Calcimimetics in chronic kidney disease: evidence, 
opportunities and challenges. Kidney Int 2008;74:265–75.
7. Malluche HH, Mawad H, Monier-Faugere MC. The importance of 
bone health in end-stage renal disease: out of the frying pan, into 
the fire? Nephrol Dial Transplant 2004;19(Suppl 1):i9–13.
8. Young EW, Akiba T, Albert JM, McCarthy JT, Kerr PG, 
Mendelssohn DC, et al. Magnitude and impact of abnormal mineral 
metabolism in hemodialysis patients in the Dialysis Outcomes 
and Practice Patterns Study (DOPPS). Am J Kidney Dis 2004;
44(5 Suppl 2):34–8.
9. Marco MP, Craver L, Betriu A, Belart M, Fibla J, Fernandez E. 
Higher impact of mineral metabolism on cardiovascular mortality 
in a European hemodialysis population. Kidney Int Suppl 
2003;(85):S111–4.
10. Ganesh SK, Stack AG, Levin NW, Hulbert-Shearon T, Port FK. 
Association of elevated serum PO(4), Ca × PO(4) product, and 
parathyroid hormone with cardiac mortality risk in chronic 
hemodialysis patients. J Am Soc Nephrol 2001;12:2131–8.
11. Bleyer AJ, Burkart J, Piazza M, Russell G, Rohr M, Carr J. Changes 
in cardiovascular calcification after parathyroidectomy in patients 
with ESRD. Am J Kidney Dis 2005;46:464–9.
12. Di Leo C, Gallieni M, Bestetti A, Tagliabue L, Cozzolino M, Carpani 
P, et al. Cardiac and pulmonary calcification in a hemodialysis patient: 
partial regression 4 years after parathyroidectomy. Clin Nephrol 
2003;59:59–63.
13. Rashed A, Fahmi M, El Sayed M, Aboud O, Asim M. Effectiveness of 
surgical parathyroidectomy for secondary hyperparathyroidism in 
renal dialysis patients in Qatar. Transplant Proceed 2004;36:1815–7.
14. Foley RN, Li S, Liu J, Gilbertson DT, Chen SC, Collins AJ. The fall 
and rise of parathyroidectomy in U.S. hemodialysis patients. J Am 
Soc Nephrol 2005;16:210–8.
15. Kestenbeum B, Andress DL, Schwartz SM, Gillen DL, Seliger SL, 
Jadar PR, et al. Survival after parathyroidectomy among United 
States dialysis patients. Kidney Int 2004;66:2010–6.
16. Chou FF, Chen JB, Hsieh KC, Liou CW. Cognitive changes after 
parathyroidectomy in patients with secondary hyperparathyroidism. 
Surgery 2008;143:526–32.
17. Rudser KD, de Boer IH, Dooley A, Young B, Kestenbaum B. 
Fracture risk after parathyroidectomy among chronic hemodialysis 
patients. J Am Soc Nephrol 2007;18:2401–7.
18. Lee CT, Chou FF, Chang HW, Hsu YH, Lee WC, Liao SC, et al. 
Effects of parathyroidectomy on iron homeostasis and erythropoiesis 
in hemodialysis patients with severe hyperparathyroidism. Blood 
Purif 2003;21:369–75.
19. Chow KM, Szeto CC, Kum LC, Kwan BC, Fung TM, Wong TY, 
et al. Improved health-related quality of life and left ventricular 
hypertrophy among dialysis patients treated with parathyroidectomy. 
J Nephrol 2003;16:878–85.
20. National Kidney Foundation. K/DOQI clinical practice guidelines 
for bone metabolism and disease in chronic kidney disease. Am J 
Kidney Dis 2003;42(4 Suppl 3):S1–201.
21. Moe SM, Chertow GM, Coburn JW, Quarles LD, Goodman WG, Block 
GA, et al. Achieving NKF-K/DOQI bone metabolism and disease 
treatment goals with cinacalcet HCl. Kidney Int 2005;67:760–71.
22. Elder GJ. Parathyroidectomy in the calcimimetic era. Nephrology 
(Carlton) 2005;10:511–5.
23. CARI: Caring for Australasians with Renal Impairment. CARI 
Guidelines. Available from: http://www.cari.org.au/guidelines.php 
[Date accessed: January 2008]
24. Higgins RM, Richardson AJ, Ratcliffe PJ, Woods CG, Oliver DO, 
Morris PJ. Total parathyroidectomy alone or with autograft for renal 
hyperparathyroidism? Q J Med 1991;79:323–32.
25. Fukuda N, Tanaka H, Tominaga Y, Fukagawa M, Kurokawa K, Seino 
Y. Decreased 1,25-dihydroxyvitamin D3 receptor density is 
associated with a more severe form of parathyroid hyperplasia in 
chronic uremic patients. J Clin Invest 1993;92:1436–43.
26. Gogusev J, Duchambon P, Hory B, Giovannini M, Goureau Y, Sarfati 
E, et al. Depressed expression of calcium receptor in parathyroid 
gland tissue of patients with hyperthyroidism. Kidney Int 1997;51:
328–36.
27. Tominaga Y, Matsuoka S, Sato T, Uno N, Goto N, Katayama A, et al. 
Clinical features and hyperplastic patterns of parathyroid glands in 
hemodialysis patients with advanced secondary hyperparathyroidism 
refractory to maxacalcitol treatment and required parathyroidectomy. 
Ther Apher Dial 2007;11:266–73.
28. Elizondo ME, Diaz-Aguirregoitia FJ, Amondarain JA, Vidanr F. 
Intraoperative monitoring of intact parathyroid hormone in surgery 
for renal hyperparathyroidism as an indicator of complete 
parathyroid removal. World J Surg 2005;29:1504–9.
29. Atsumi K, Kushida K, Yamazaki K, Shimizu S, Ohmura A, Inoue 
T. Risk factor for vertebral fractures in renal osteodystrophy. Am J 
Kidney Dis 1999;33:287–93.
30. Coco M, Rush H. Increased incidence of hip fractures in dialysis 
patients with low serum parathyroid hormone. Am J Kidney Dis 
2000;36:1115–21.
31. de Francisco AL, Fresnedo GF, Rodrigo E, Pinera C, Amado JA, 
Arias M. Parathyroidectomy in dialysis patients. Kidney Int Suppl 
2002;(80):161–6.
32. Heaf J. Causes and consequences of adynamic bone disease. Nephron 
2001;88:97–106.
33. Velasquez-Forero F, Mondragón A, Herrero B, Peña JC. Adynamic 
bone lesion in renal transplant recipients with normal renal function. 
Nephrol Dial Transplant 1996;11(Suppl 3):58–64.
34. Sanchez CP, Salusky IB, Kuizon BD, Ramirez JA, Gales B, Ettenger 
RB, et al. Bone disease in children and adolescents undergoing suc-
cessful renal transplantation. Kidney Int 1998;53:1358–64.
35. Cruz EAS, Lugon JR, Jorgetti V, Draibe SA, Carvalho AB. Histo-
logic evolution of bone disease 6 months after successful kidney 
transplantation. Am J Kidney Dis 2004;44:747–56.
